External auditory canal temperature changes during profound hypothermia were studied experimentally in ten dogs and clinically in 20 patients undergoing open-heart surgery. The results were compared with nasopharyngeal and lower oesophageal temperatures. Tympanic membrane temperature provided a better approximation to brain temperatures measured in four dogs to below 20°C than did either of the other two methods. In patients, auditory canal temperature showed less variability with respect to oesophageal temperature and fell at a faster rate than did nasopharyngeal temperature. It did not appear to be subject to positional or other artefacts but four patients showed evidence of auditory canal trauma. The precise relationship between auditory canal or tympanic membrane temperature and brain temperature during profound hypothermia is not established. Routine otoscopic examination should accompany the use of an ear probe.
MATERIALS AND METHODS

Animal Studies
Under pentobarbitone anaesthesia, ten mongrel dogs of mean weight 25.3 kg were studied as part of regional blood flow and organ function investigations during profound hypothermia using the Drew technique. 4 The animals were sacrificed at the end of each study. Thermocouples were inserted into the left external auditory canal until it impinged upon the tympanic membrane; the nasopharynx, the lower oesophagus and the rectum. In four dogs burr holes were performed in the right occipital and temporal regions and fine needle thermocouples were inserted to a depth of 3 cm into the brain. All temperatures were measured using a light galvanometer (Ellab) via a switching box.
Following a short period of normothermic extracorporeal circulation the animals were cooled to a nasopharyngeal temperature of approximately 15°C. At an oesophageal temperature of 32°C during cooling by-pass the inspired gas mixture was altered to 95 % oxygen: 5070 carbon dioxide to maintain normocapnia during hypothermia. At 15°C a circulatory arrest period of between five and 40 minutes occurred, after which time extracorporeal circulation was recommenced and the animal re-warmed to a nasopharyngeal temperature of 35°C.
Clinical Study
Twenty patients, aged between ten months and 56 years, weighing 8.3 to 70 kg and undergoing open-heart surgery under profound hypothermia, were studied. In adults anaesthesia was induced with thiopentone and pancuronium whilst halothane in oxygen was used for young children. Anaesthesia was maintained with nitrous oxide, oxygen, pancuronium and a narcotic analgesic. The patients were mechanically ventilated to maintain a Paco, of approximately 35 mmHg. A fresh gas mixture of 95070 oxygen, 5070 carbon dioxide was instituted at an oesophageal temperature of 30°C during cooling. During the rewarming phase 100070 oxygen was used until the same temperature was reached.
Following induction of anaesthesia, thermocouple probes were inserted into the nasopharynx, lower oesophagus and rectum. 4 After otoscopic examination, a fine thermocouple was inserted into the external auditory canal and the external meatus carefully sealed with a small plug of wax. In the majority of patients the tip of the probe was positioned close to or touching the tympanic mem brane under direct vision. All temperatures were measured on a six-channel temperature chart recorder (Ellab).
RESULTS
Animal Studies
The temperatures recorded at the various sites at the commencement of hypothermic circulatory arrest are shown in Table 1 . There were considerable regional differences in brain temperature as illustrated in Figure 1 . Tympanic temperature remained closer to brain temperatures during cooling than did either oesophageal or nasopharyngeal temperature, both of which fell at a more rapid rate. The mean difference between tympanic and nasopharyngeal temperatures at the end of cooling by-pass was 2.35°C (range: + 0.8 ° to + 5.3 0c). At the completion of rewarming bypass, the mean difference was -0.8 °C (range: 
Clinical Studies
Oesophageal, nasopharyngeal and aural temperatures at the commencement of hypothermic circulatory arrest are shown in Table 2 . In Figure 2 data are shown from all 20 cases during cooling to demonstrate the relationships between the heat exchanger, tympanic membrane and nasopharyngeal temperatures as compared with oesophageal temperature taken as the reference temperature at 5 QC intervals.
Postoperative aural examination revealed a normal, intact tympanic membrane. However small blood clots in the external canal were seen in two cases. One of these patients had, in addition, a similar small blood clot on the opposite side, as did two patients who had normal external canals on the side into which the probe had been inserted. One further patient had pronounced excoriation and inflammation and developed otitis externa which cleared slowly over ten days. A fourth patient had postoperative bleeding from around the external meatus. forecast myocardial temperature in surface cooling for extensive intrathoracic surgery to avoid the onset of ventricular fibrillation. Benzinger 8 wished to establish a standard for core temperature during general anaesthesia to prevent accidental hypothermia during prolonged surgery, and to warn when malignant hyperthermia might ensue. Webb 9 used oesophageal and tympanic membrane temperatures to monitor normothermic cardiopulmonary bypass. Our requirement from temperature monitoring was an indirect measurement of changes in brain temperature from 37°C to 15°C. The method of measurement must be atraumatic and simple to use. The probe must be confidently located in a specific position which is easily reproducible from patient to patient. It must provide reliable and consistent information that is not influenced by the accumulation of secretions, local circulatory changes or haemorrhage. The measurement must of necessity reflect changes in brain temperature.
A nasopharyngeal probe resting on the basisphenoid has been used as a reasonable estimate of brain temperature in cardiac surgery for many years. However, precise anatomical positioning can be difficult and is impossible to confirm visually. The probe may coil up, be advanced too far or be incorrectly placed beneath a turbinate or in the post-nasal space rather than against the basisphenoid. If it impinges too firmly on the mucosa local circulation can be impaired. It often lies in a pool of secretions resulting in a greatly prolonged time constant which limits reliability during rapid temperature changes, and minor alterations in positioning may produce wide fluctuations of readings. The progressive divergence of oesophageal and nasopharyngeal temperatures ( Figure 2 ) during hypothermic bypass is usually not apparent until body temperature approaches ambient room temperature. These practical difficulties and the conflicting opinions on the validity of nasopharyngeal temperature as an indicator of brain temperature at or near normothermia 4 raise doubts concerning its reliability during profound hypothermia.
In the animal study reported, none of the indirect methods was entirely reliable as an Anaesthesia and Intensive Care, Vol. IX, No. 2, May, 1981 indicator of brain temperature which itself showed marked regional differences in cooling rate. Tympanic thermometry provided a better approximation to brain temperature at the start of circulatory arrest than did oesophageal or nasopharyngeal temperature in the four dogs in which brain temperatures were recorded. It also provided the best approximation to brain temperature of the three methods during the rewarming phase. There is also evidence in monkeys that tympanic temperature accurately reflects brain temperature. l In patients studied there was a progressive increase in variance of nasopharyngeal in relation to oesophageal temperature reflecting the difficulties discussed above, whereas a progressive diminution of variance between aural and oesophageal temperature was observed.
Not all probes were placed on the tympanic membrane. In our experience the probe on the tympanic membrane tends to read slightly lower during cooling than a probe merely placed in the external canal. This is probably because the blood supply of the tympanic membrane is derived from the internal carotid artery and that of the canal from branches of the external carotid artery.
Unfortunately aural thermometry is not without complications. Haemorrhage was reported in two of 50 patients, both of whom were anticoagulated for extracorporeal circulation. 8 Webb had one case of haemorrhage in a group of 35 patients, 6 as well as two probes with blood clots on them when removed, but without otoscopic evidence of injury. Perforation of the tympanic membrane has also resulted from an ear probe. 9 Four out of 20 patients in the present study showed signs of external auditory canal damage but no injury to the tympanic membrane. We conclude that the use of an ear probe should always be accompanied by prior examination of the ear and careful follow-up. Aural thermometry appears to provide a useful measure of central temperature under the conditions of profound hypothermia, but its precise relationship to brain temperatures is not established.
